[Abstract] The shapes of chloroplasts and the architectures of internal thylakoid membranes are altered by growth and environmental changes (Lichtenthaler et al., 1981; Kutik, 1985; Terashima and Hikosaka, 1995) . These morphological alterations proceed via transitional intermediates, during which dynamic and heterogeneous thylakoid membranes are observed in cells (Nozue et al., 2017) . Light microscopy is useful for the detection of morphological differences in chloroplasts. The thylakoid architecture of such morphologically variable chloroplasts is confirmed by transmission electron microscopy (TEM). The method of monitoring structural variation by light microscopy in combination with electron microscopy is described.
Data analysis
Starting with an overview of chloroplasts using a wide microscopic field, a variety of different shapes were observed, which is caused by the natural placement of chloroplasts at either surface of the leaf (which reflects the different lighting conditions between the two surfaces) and the direction of observation of the chloroplasts (which reflects the non-uniformity of shape). To detect morphological differences in the outer shapes of chloroplasts, the observational analysis was carried out by focusing on chloroplasts attached to inner cell membrane like a ring (Figure 4 ). Chloroplasts released from membranes or attached to the membrane on the reverse side of the sample are often seen as round shapes lacking thylakoid structures.
Notes
The shapes of chloroplasts, whether lens-like or not, can be indicators of thylakoid structure. 
Data analysis
The TEM imaging data were in agreement with the light microscopic images. The collection of data from more than 5 repetitions of independent experiments showed similar changes in chloroplasts shape and thylakoid structure. Architectural differences in thylakoid membranes are shown as measurements of thicknesses of grana layers, lengths of stroma lamella, and angles of curvature (Nozue et al., 2017) . 
